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Fig. 57 (@) Fully developad ovary and ovariole of Coccindla transsersogutata, (b)
ovay and ovaioles of C. trans/ersogutata during theno-prey condition.
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CHAPTER 6

SUMMARY

Invasive species have attracted much attention in recent years because of their
disruptive effects on biodiversity worldwide. Classical biological control, used instead of
or with chemical pesticides in pest management, may pose risk through adverse non-
target effects of exotic natural enemy introductions on native species and biodiversity in
local communities (e.g., Howarth 1991; Simberloff and Stiling 1996; Thomas and Willis
1998; Louda et al. 2003). However, it is often not well understood how local
communities and ecosystems are disturbed by invasive species, and which mechanisms
contribute to successful establishment of invasive species.

Predatory lady beetles (or ladybirds; Coleoptera: Coccinellidae) have been
introduced to North America for agricultural pest management in recent decades, raising
concerns of adverse impact on native species, especially native lady beetles (e.g., Evans
1991; Louda et al. 2003). A prominent species among these introduced lady beetles is
Coccinella septempunctata (Angalet et al. 1979). There are several reports that the
densities of native predatory lady beetles, especially C. transversoguttata, have declined
as these species have been displaced by the invasive C. septempunctata in North America
(e.g., Elliott et al. 1996; Turnock et al. 2003; Alyokhin and Sewell 2004). In northern
Utah, C. septempunctata first appeared in 1991, and now it is predominant among
predatory lady beetles in alfalfa (Evans 2000, 2004). How invasive species reproduce as
well as survive in a new environment is significant for their establishment. Therefore, |
conducted studies to compare reproductive habits and tactics of the invasive C.

septempunctata with those of C. transversoguttata, a closely related native species that it



147
has been displaced. I addressed two general questions for my dissertation: 1) how are the

reproductive tactics of lady beetles adapted to exploiting their prey? and 2) do the two
species differ in their reproductive tactics in ways that may contribute to species
displacement?

To seek answers for these two general questions, I pursued studies that are
reported in this dissertation. These studies were organized into four main chapters that
present comparisons of reproductive tactics between the invasive C. septempunctata and
the native C. transversoguttata (and other three native Hippodamia species for Chapter 2)
for the following topics:

1) Reproductive tactics under excess food condition,
2) Seasonal reproductive patterns under natural condition,
3) Reproductive tactics and plasticity under limited prey availabilities,

4) Ovarian dynamics and observation of oosorption under no-prey condition.

Reproductive tactics under excess food condition

Overwintered adults of the invasive lady beetle, C. septempunctata and the native
lady beetle, C. transversoguttata, as well as three other native lady beetles (Hippodamia
convergens, H. quinquesignata, and H. sinuata), were compared for reproductive rates
when provided with excess numbers of aphids. The relationships between body size,
fecundity and invasion success were examined.

Among species, the number and total volume of eggs (number x mean egg
volume) produced per day increased with increasing female size and were greatest for C.

septempunctata as the largest species. Rates of reproduction also increased with
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increasing female body size within a species. Although there was considerable overlap in

body size, females of C. septempunctata, on average, were larger than females of the
largest native species, C. transversoguttata. Females of two Coccinella species that were
the same size laid similar total volume of eggs per day, but females of the invasive
species had more ovarioles and laid larger numbers per day of individually smaller eggs.
Thus, it appears that the invasive lady beetle, C. septempunctata, gains a reproductive
advantage over native, North American lady beetles from its larger body size when
feeding on abundant prey in a habitat in which it predominates. The invasive species may
gain additional advantage in this habitat over the similarly sized, congeneric, native
species C. transversoguttata, through its allocation of resources to larger numbers of

relatively smaller eggs.

Seasonal reproductive patterns under natural condition

Over a 3-year period, field censuses were conducted to understand the population
dynamics of lady beetles and their aphid prey, and the seasonal reproductive patterns.
The suitability of alfalfa fields as habitat for lady beetles was examined by comparing
reproduction of overwintering females of C. septempunctata and the native, similarly
sized, and congeneric species C. transversoguttata. Populations of aphids in alfalfa fields
increased from late April through the spring and early summer, and then decreased after
the first cutting of hay and remained low thereafter. Data for egg production revealed a
significant difference in the timing and amount of reproduction between C.
septempunctata and C. transversoguttata. Females of C. septempunctata reproduced

more readily and laid more eggs than C. transversoguttata females even at low prey
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density. Early reproductive activity and high fecundity in the invasive C. septempuctata

was observed consistently among fields and years. The results, when compared to lady
beetle performance in the laboratory under ideal conditions, also indicated that in alfalfa
fields, C. septempunctata females were more successful in approaching their maximum
body weights and reproductive output than were females of native C. transversoguttata.
These results suggest that alfalfa fields may serve as source habitats for the invasive C.
septempunctata and may be important breeding sites for this species to produce large

numbers of adults that disperse widely among many habitats.

Reproductive tactics and plasticity under limited prey availabilities

Laboratory experiments were conducted to compare the reproductive responses of
females of the two species of lady beetles, C. septempunctata and C. transversoguttata,
to varying availability of prey. Overall, the results showed that females of C.
septempunctata and C. transversoguttata respond similarly in the total volume of eggs
that they lay when they consume pea aphids in varying amounts. In particular, the
experiments provided no evidence that females of C. septempunctata convert pea aphids
into eggs at a relatively higher rate than females of C. transversoguttata do when prey
availability is limited. On the other hand, when lady beetles were placed immediately
upon experimental diets after being collected from the field, females of C.
septempunctata produced more (but individually smaller) eggs than did females of the
similarly sized C. transversoguttata. Females of C. septempunctata also had greater
ability than C. transversoguttata females to maintain their body weights even as they

were producing eggs at low rates when aphids were provided in limited numbers. This
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suggests that low aphid availability is less stressful for reproducing females of C.

septempunctata, perhaps because females of C. septempunctata have more ability
physiologically to assimilate pea aphid nutrients (many of which are used for self-
maintenance) at low aphid availability, compared with reproducing females of C.
transversoguttata. Furthermore, overwintered females of C. septempunctata may arrive
in alfalfa fields with greater nutrient reserves, thereby also enabling them to reproduce

more quickly thereafter than females of C. transversoguttata.

Ovarian dynamics and observation of oosorption under no-prey condition

Ovarian and egg-laying dynamics of the two species of lady beetle, C.
septempunctata and C. transversoguttata, were examined in two laboratory experiments
in which aphid prey first were provided in excess for an extended period, and then were
removed. C. septempunctata responded more quickly by reducing their reproductive
effort than did females of C. transversoguttata, to removal of prey in an experimental
setting. Data from dissection showed the potential occurrence of oosorption in both
species; however, no clear differences between the two species were observed. In C.
septempunctata, about 5 potential eggs (i.e., mature oocytes) resorbed in both 2006 and
2007, and in C. transversoguttata, about 4 and 1.8 potential eggs resorbed in 2006 and
2007, respectively, 2 to 3 days after prey removal. In the second experiment, aphids were
provided again to experimental females after 6 days during which the prey were withheld.
Females of both species started to reproduce 2 to 3 days after they again were provided
with aphids in excess. Females of C. septempunctata laid almost the same number of

eggs as they had before they were starved; however, females of C. transversoguttata
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produced fewer eggs than they had before. Such immediate adjustment of reproductive

effort when prey were removed, and high recovery of reproductive rate when prey again
became available, as observed in C. septempunctata compared with C. transversoguttata,
may contribute to the relative success of C. septempunctata in reproducing in alfalfa
fields.

In conclusion, my study may support the hypothesis that invasive C.
septempunctata has high reproductive rate. Invasive C. septempuntata have reproductive
advantages under excess food availability because they have larger body size and more
ovarioles which allow them to lay more, smaller eggs than C. transversoguttata. Such
trade-offs between egg number and size were also important reproductive tactics in
invasive C. septempunctata under limited prey availabilities. These results may support
why invasive C. septempunctata reproduced more successfully under natural condition.
In addition, females of C. septempunctata maintained their body weights even as they
were producing eggs at low rates when aphids were provided in limited numbers.
Females of C. septempunctata responded more quickly by reducing their reproductive
effort than females of C. transversoguttata in response to fluctuation in prey availability.
Both results may suggest that invasive C. septempunctata have more efficient
physiological capacity to tolerate to environmental variations. My study may provide
insight into why the introduced lady beetle has become much more abundant than its

native congener in this habitat.
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